Four hundred forty-two patients underwent gastrectomy for carcinoma of the stomach to determine the impact of various gastrectomy procedures on patients' prognosis, and to assess the phenotypes of lymphocytes before and after gastrectomy. During the 3-6 postoperative months, there were significant differences between patients who received total gastrectomy and subtotal gastrectomy as regards the CD4+/CD8+ ratio. The 10-year survival rates of patients who received a subtotal gastrectomy were significantly better than those of patients who underwent total gastrectomy. A Cox multivariate analysis revealed that the extent of resection was a significantly related to independent covariate with patient prognosis.
Introduction
The long-term consequences of gastrectomy and its impact on different operative procedures are still a matter of controversy. The optimal extent of surgical resection for adenocarcinoma of the stomach has been a subject of debate. Some surgeons favor total gastrectomy as a radical treatment, while others believe subtotal gastrectomy should be the standard operation in cases where a safe proximal resection margin can be guaranteed, In clinical settings, gastric cancer in the distal part of the stomach has usually been treated with distal subtotal gastrectomy (DG). Total gastrectomy (TG) has been the universally accepted technique for neoplasma located in the proximal area of the stomach, or in case which involve the entire stomach and/or are multifocal. Both procedures are reliable and safe. The indications for proximal gastrectomy (PG) remain ANNALS OF Cancer Research and Therapy to be clarified. Despite the wide employment of TG, most comparison studies of TG versus DG have failed to provide any convincing data on long-term improvement by TG (Branum 1997) . It is thus questionable whether TG is essential, even for carcinomas located in the proximal part of the stomach.
The objective of this study was to determine the impact of various gastrectomy procedures on patient prognosis; the phenotypes of lymphocytes were examined before and during a one-year period after gastrectomy in order to assess changes in phenotypes of the lymphocytes. Seven occasions during the 1-yr period were considered: within 1 week before surgery, 2 weeks, and 1, 3, 6, 9, and 12 months after the surgical intervention.
Patients and Methods
The clinicopathological characteristics of 442 consecutive patients who underwent gastrectomy for carcinoma of the stomach between November 1976 and November 1998
were examined. Tumors of these patients were histologically comfirmed as adenocarcinoma of the stomach and were limited to the distal, middle, or proximal area of the stomach; cases were excluded that involved the entire stomach. Three hundred twenty-nine (74.4%) patients were male and 113 (25.6%) were female. The median age at operation was 57 years (range 33-79 years). Patients underwent either total (n=66), subtotal distal (n=346), or proximal gastrectomy (n=30). Patient characteristics are listed in Table I . Among the patients whose tumors were located in the antrum and pylorus, there were significant differences between operative procedures as regards the depth of cancer invasion, lymph node metastasis (p<0.0001), and histology grading (p=0.002).
Among the patients whose tumors were located in the corpus, there were significant differences between operative procedures as regards the depth of cancer invasion, lymph node metastasis, tumor size (p<0.0001), histology grading (p=0.015), and lymph node dissection (p=0.011). Among fundus and cardia cases, there were significant differences between operative procedures as regards the depth of cancer invasion, lymph node metastasis, tumor size (p<0.0001), lymph node dissection (p=0.042), and age (p=0.001).
The operative procedures were the responsibility of the attending doctor. One of the present authors (Dr. Kyoji Ogoshi) was in the operation team. 
Extent of lymph node dissection
In the PG group with D2 or D3 lymph node dissection, the lymph nodes along the right gastroepiploic artery and infrapyloric lymph nodes (Nos. 4d and 6) were removed skeletally, preserving two or three branches of the gastroepiploic artery and vein. The grade of the extent of lymph node dissection was thought to be similar between patients who received TG and PG because the lymph nodes around the stomach were removed either by TG or PG. We 'de principe' reserved the spleen, even in patients with total or proximal gastrectomy. When we preserved the spleen in cases of D2 or D3, the lymph nodes at the splenic hilus (No. 10) and along the splenic artery (No. 11) were also removed skeletally. In twenty-five patients (5.7%), the spleen was removed.
Lymphocyte Subset Analysis
The lymphocyte analysis included measurement of CD4+ cells (T-helper cells) and CD8+ cells (T-suppressor cells). Peripheral blood samples (5ml) were drawn from each patient into heparinized tubes before surgery (total gastrectomy and subtotal gastrectomy, n=47 and n=271, respectively), and at 2 weeks (total gastrectomy and subtotal gastrectomy, n=3 and n=25, respectively), at 1 month (total gastrectomy and subtotal gastrectomy, n=10 and n=94, respectively), 3 months (total gastrectomy and subtotal gastrectomy, n=12 and n=127, respectively), 6 months (total gastrectomy and subtotal gastrectomy, n=14 and n=131, respectively), 9 months (total gastrectomy and subtotal gastrectomy, n=6 and n=39, respectively), and 12 postoperative months (total gastrectomy and subtotal gastrectomy, n=13 and n=129, respectively). Lymphocytes were separated by Ficoll-hypaque centrifugation. Immunophenotyping was done by flow cytometry using conjugated antibodies to previously characterized epitopes. The Figure 1 shows the survival curves of patients whose tumors were located in the lower part of the stomach; these patients underwent total or distal gastrectomy. The 10-year survival rates of patients with TG or DG were 16.7% and 68.7%, respectively. There was a significant difference between these two groups (log rank test; TG versus DG, p<0.00001). Figure 2 shows the survival curves of patients whose tumors were located in the middle part of the stomach and who underwent total, distal, or proximal gastrectomy.
The 10-year survival rates of patients with TG, DG, or PG were 39.1% and 80.5%, 100%,
respectively. There were significant differences among these rates (TG versus DG, log rank test, p<0.00001, TG versus PG, p=0.0307). Figure 3 shows the survival curves of 30.6% and 66.6%, respectively. There was a significant difference between these groups (log rank test, p=0.0014). Table II shows the 10-year survival rates of patients as regards tumor localization. The following factors were associated with a shorter survival time: lymph node involvement, age>60, high pT, total gastrectomy, larger tumor size, and lower lymph node dissection. Table III shows the results of the Cox univariate analysis. Regional lymph node metastasis, age, depth of primary tumor invasion, lymph node dissection, extent of resection, and tumor size were significant variables related to survival; however sex and histological grading were not significant variables related to survival. Table IV shows the results of the Cox multivariate analysis of variables examined in 442 patients. This multivariate analysis was used to evaluate the six variables shown to be significant on univariate analysis. Regional lymph nodes metastasis, age, depth of primary tumor invasion, lymph node dissection, extent of resection, and tumor size were significant independent prognostic variables. Table V shows the results of multivariate analysis in patients whose tumors were located in the lower part of the stomach. Regional lymph node metastasis, age, depth of primary tumor invasion, lymph node dissection, and extent of resection were significant prognostic variables, tumor size was not a significant variable. Table VI shows the results of multivariate analysis in patients whose tumors were located in the middle part of the stomach. Regional lymph node metastasis, age, and depth of primary tumor invasion were significant prognostic variables, however, lymph node dissection, extent of resection, and tumor size were not significant. Table VII shows the results of a multivariate analysis of patients whose tumors were located in the upper part of the stomach. Primary tumor was a significant prognostic variable, but regional lymph node metastasis, age, tumor size, lymph node dissection, and extent of resection were not significant. Figure 4 shows the changes in CD4 T-cell populations in patients who received a total or (distal or proximal) subtotal gastrectomy. There was no significant difference between the two groups. However, there was a significant difference between the total and ANNALS OF Cancer Research and Therapy subtotal gastrectomy group in the CD8 T-cell population at 6 months after surgery (p=0.028; Figure 5 ). The CD8 T-cell population gradually increased after total gastrectomy.
Figures 6 shows changes in the CD4/8 ratio in patients who received total or subtotal gastrectomy. Significant differences were noted between the total and subtotal gastrectomy groups (p=0.005 and p=0.047 at 3 and 6 months, respectively).
Discussion
It was demonstrated that subtotal gastrectomy is indicated for the treatment of gastric cancer, and that in many cases, it is preferred. The choice between total gastrectomy or subtotal gastrectomy for adenocarcinoma of the stomach has not yet been wellestablished. In the present study, the extent of gastric resection depended on the tumor localization. Distal subtotal gastrectomies were performed when tumors were located in the lower third of the stomach, and proximal subtotal gastrectomies were considered when tumors were located in the upper third of the stomach and when a safe proximal or distal resection margin was guaranteed. Total gastrectomies were performed when tumors invaded to the entire stomach and were multifocal.
To broaden the criteria for choice of treatment for gastric cancer, we determined the impact of various gastrectomy procedures on survival during a 10-yr follow-up period;
we also considered immunological postoperative changes. Our data showed that the 10-year survival rates of patients who received proximal or distal subtotal gastrectomy were significantly better than those patients who received total gastrectomy. There was a significant difference between patients with the CD4+/CD8+ ratio who received total gastrectomy and those who received subtotal gastrectomy at 3-6 postoperative months.
Similar results have been reported by Tsuburaya (Tsuburaya, Noguchi et al., 1993) . A Cox multivariate analysis also revealed that operative procedure was a significantly related covariate to patient prognosis. However, the advantages of TG have been repeatedly described in the literature. Due to the complete removal of the stomach with the lymph nodes, TG did not improve survival, according to the present study.
The French Association for surgical research and the Norwegian Stomach Cancer Trial, which have conducted prospective controlled research (Gouzi, Huguier et al., 1988;  ANNALS OF Cancer Research and Therapy Haugstvedt, Viste et al., 1993 ), failed to demonstrate that the extent of gastric resection was a significant predictor of long-term survival. However, several retrospective studies (Gennari, Bozzetti et al., 1986; Robertson, Chung et al., 1994) demonstrated that DG offered a significantly better survival rate than TG. There has not been a report comparing the three surgical procedures (i. e.,TG, PG, and DG) as regards tumor localization and impact on long-term outcome.
The present data suggest that TG may have detrimental immunological effects that eventually lead to a poor outcome. The data further more suggest that the extent of resection is a significant survival factor as regards treatment choice in cases of gastric cancer, since patients who underwent DG or PG had a persistently better immunological status and consequently a better outcome than those who underwent TG. Moreover, Davies, Johnston et al., (1998) and Jentchura, Winkler et al., (1997) reported that at 1 year after surgery, patients who underwent DG also had a significantly better quality of life than patients who underwent TG. The QOL of patients who underwent subtotal gastrectomy was also significantly better after surgery than it had been before the operation, whereas the QOL of the total gastrectomy group was not significantly better after the operation than before.
In conclusion, to optimize the benefits of gastrectomy, the area of resection of the stomach must be taken into consideration. When subtotal distal or proximal gastrectomy is clinically feasible, this procedure has advantages in the early postoperative period at 3 to 6 months after gastrectomy, with respect to immunological assessment; this suggests a better chance of long-term survival. If the surgical margin is free of cancer, it is useful to avoid total resection of the stomach; this maintains immune status, facilitates recovery, and/or maintains immunological competence after resection of the stomach. Assuming that the types of gastrectomy affect the prognosis of cancer patients, the extent of surgical resection must be considered as an important factor in formulating a treatment plan for adenocarcinoma of the stomach.
